Abstract Freshness of mushrooms (Agaricus bisporus) was related to the internal atmosphere composition during modified atmosphere packaging (MAP) experiments using polyvinyl chloride (PVC) wrap, polyethylene-1 (PE-1) and PE-2 films. The packaged mushrooms were stored at 12°C for 7 days and lightness value, browning index, weight loss and maturity index were also measured. The results obtained showed that the whiteness of whole mushrooms varied significantly with the type of coating (chitosan and CaCl 2 ), but not with the type of packaging films. It was evident that the extent of darkening in whole mushroom was greater than in sliced ones after coated. In addition, mushroom in PE-2 package exhibited the lowest weight loss due to the lower permeability of film. And the type of packaging films significantly affected the maturity index of mushroom, where PE-2 packaging most effectively lowered maturity index for both whole and sliced mushrooms. By considering the overall quality, it was obvious that PE-2 packaging combined with coating treatment was the most effective to improve the preservation of mushrooms stored at 12°C up to 7 days and satisfy consumer acceptance.
Introduction
Mushroom (Agaricus bisporus) is highly perishable and nutritional in nature, containing several bioactive compounds, including polysaccharides (such as mannose and trehalose), antioxidants, dietary fiber, ergosterol, vitamin B1, B2 and C, folates, niacin and minerals. However, due to the high respiration rate, its rapid postharvest degradation and quality maintenance still remains an economic issue (Mahajan et al. 2008) . It was reported that after only 1 day of storage at ambient temperature, the cap was opened and colored, stem was elongated, and texture became soft and spongy, resulting in shortening the shelf-life of mushroom (Guillaume et al. 2010) . Besides, the sliced mushrooms, usually marketed in trays overwrapped with plastic films and have drawn the attention of industry as novel lightly processing and consuming convenience. Therefore, it is critical and important to optimizing postharvest quality and improve shelf-life of fresh mushroom (Xing et al. 2008) .
The use of synthetic chemical fungicides has been the main method for reducing postharvest disease of fruits and vegetables. However, consumers concerning over pesticide residues on foods, along with pathogen resistance to many currently used pesticides, has increased the need to find alternative methods for decay control. Recently, biologically active natural products are becoming an effective alternative to chemical fungicides (Tripathi and Dubey 2004) . So far, packaging, refrigeration, coating and dipping are the most common approaches used for extending the shelf life of mushrooms (Eissa 2007; Mau et al. 1993; Roy et al. 1993) .
Modified atmosphere packaging (MAP) has become increasingly common in recent years that is created by altering normal air composition, in order to provide an appropriate atmosphere surrounding the produce for decreasing its deterioration rate and prolonging its shelf life (Farber et al. 2003; Tano et al. 1999) . Shelf-life extension due to modified atmosphere can be mainly attributed to low O 2 and high CO 2 concentration in package, which causes a decrease in respiration rate and also inhibits microbial growth of fresh produce (Farber et al. 2003) . Several works reported some beneficial effects of MAP on the postharvest storage potential of Agaricus sp. and Pleurotus sp. mushrooms (Ares et al. 2007; Villaescusa and Gil 2003) . Appropriate packaging can delay development of postharvest deterioration and senescence of this highly perishable commodity.
Most recently, it has been reported that chitosan [poly-β-(1,4)N-acetyl-D -glucosamine], due to its non-toxic nature, antibacterial activity and biocompatibility, has attracted much attention as a natural food additive (Dutta et al. 2009; Ravi Kumar 2000) . Chitosan and its derivatives have been processed excellent film-forming properties used in fruits and vegetables (Tamer and Çopur 2010) , and have been successfully used to prolong the shelf-life and maintain the quality contributes of many fresh-cut produce, such as litchi (Dong et al. 2004) , mango (Chien et al. 2007 ), blueberry (Duan et al. 2011 ) and water caltrop fruit (Zhan et al. 2011 ) and mushroom (Eissa 2007) . Furthermore, calcium ions play an essential role in the structural maintenance of membranes and cell walls. Preharvest and postharvest treatments with calcium salts have been effective in controlling several physiological disorders, reducing the incidence of fungal pathogens and maintaining fruit firmness (Bakshi et al. 2005) . It has been reported that postharvest coating treatments with or without MAP could result in the improvement of shelf-life and quality maintenance (Del Nobile et al. 2009; Eissa 2007) .
Therefore, the main objective of the present research was to evaluate combined effect of MAP and coating treatments on the shelf-life improvement of whole and sliced mushroom (Agaricus bisporus) stored at 12°C, investigating headspace gas composition, color, weight loss and maturity index as indicators of mushroom quality.
Materials and methods

Sample preparation and coating treatment
Fresh mushrooms (Agaricus bisporus) were purchased from a local orchard after harvest, and then were transported to the laboratory in one hour. Mushrooms were selected, based on the pileus size of 30 to 40 mm, the absence of mechanical damage and fungal infection, and refrigerated in darkness at 4°C before slicing to 5 mm thickness and processing. Coating solutions were prepared by dissolving 0.3 % chitosan in 0.5 % acetic acid solution, and 2.0 % calcium chloride in deionized water, respectively. The pH value of chitosan solution was adjusted to pH 5.0 with NaOH solution. Whole and sliced mushrooms were spray-coated with solution of chitosan and CaCl 2 . Then the surface was allowed to dry using a fan at ambient temperature.
Modified atmosphere packaging
The following packaging films were investigated: polyvinyl chloride (PVC) wrap (28 μm thickness with a permeability to O 2 and CO 2 of 1.6×10 mLm −2 s −1 Pa −1 at 23°C and 0 % RH, respectively). Both coated and uncoated mushrooms were randomly divided into the three above package groups. Each package (22.0× 30.0 cm) containing 180 g of mushrooms was heat-sealed and stored at 12°C in a static-conditioned incubator (Shellab, USA) for 7 days. The mushrooms without coating were also packaged and stored as control. For each treatment, three replicates were performed.
Package headspace gas analysis
The gas composition of the package headspace was determined with a gas chromatograph (Shimadzu, GC-14A) based on the method reported by Ishikawa et al. (1997) with some modifications. O 2 and CO 2 concentration was measured by using Molecular Sieve 5A column and Propaq-Q column, respectively. Internal gas atmospheres in packages were withdrawn by means of a gas tight syringe. The chromatograph was a dual detector type and thermal conductivity detector was used during the measurements. The carrier gas was helium. The package headspace gas composition was analyzed by use of the analyzer (Chromato-pack, Shimadzu, Japan).
Color evaluation
The ground color of whole and sliced mushroom was measured taken at random locations on the sliced site of the cap using a Hunterlab MiniScan XE colorimeter (Hunterlab, Reston VA, USA). Lightness value (L*) parameter in the L*a*b* mode of CIE, since it was considered as the best CIE parameter correlated with the market value of mushroom (Lopez Briones et al. 1992 ). The parameter L* was a measure of brightness/whiteness that ranged from 0 to 100 (white if L*=100, black if L*=0). Color was also assessed in terms of the following browning index (BI):
where x=(a−1.75×L)/(5.645×L)+(a−(3.012×b)). The colorimeter was standardized using a white reflectance plate (L*=98.9, a*=−0.44 and b*=−0.30).
Weight loss (WL) determination
Weight loss for each package was determined by dividing the weight change during the storage period by the original weight.
where W o is the weight on the original weight on the first day and W f is the final weight on the end of storage period.
Maturity index (MI) determination
For each package, the maturity index was assigned to whole and sliced mushrooms selected randomly based on the extend of cap opening on a 7-point scale: (1) veil intact tightly, (2) veil intact stretched, (3) veil partially broken (< half), (4) veil partially broken (> half), (5) veil completely broken, (6) cap open and gills well exposed, and (7) cap open and gill surface flat (Roy et al. 1995) . Overall acceptability based on sensory attributes viz. appearance, flavor, taste and firmness was done by a trained panel of twelve judges using 5-point scale where, (1) excellent, (2) good, (3) fair, (4) poor and (5) not been acceptance at all. For each treatment five pieces of mushrooms were selected randomly, coded and served to judges.
Statistical analysis
All experiments were replicated three times and data were analyzed by a Duncan's multiple-range test with SAS statistical software. The experimental data were subjected to a one-way analysis of variance (ANOVA) and the least significant difference (LSD) was calculated to compare significant effects at 5 % level and only significant differences were discussed unless stated otherwise.
Results and discussion
Changes in headspace gas composition of mushrooms
As shown in Figs. 1 and 2 , a steady state period occurred after a transient state period where O 2 concentration decreased whereas CO 2 concentration increased, whatever the packaging films used, in agreement well with results previously observed in MAP experiments for fresh fruits and vegetables (Barron et al. 2002; Charles et al. 2008 ). The steady state was reached when gas diffusion through the film exactly compensates O 2 consumption and CO 2 production by mushrooms (Guillaume et al. 2010) . In the present study, the whole mushroom in PVC wrap depleted O 2 in packages was achieved in 2 to 5 days of storage, then a slight production afterwards. The evolution of CO 2 concentration, however, in packages of both whole and sliced mushrooms during storage was similar for the three packaging films (Figs. 1 and 2 ). The CO 2 concentration around whole and sliced mushrooms in different types of coating treatments and package films increased sharply on day 1 except for the sliced mushroom without coating treatment in PVC wrap packaging (Fig. 2) . The peak on day 1 was believed to be a result of a sharp rise in postharvest respiration that occurs with fresh fruits and vegetables (Eskin et al. 1971) , especially the mushroom which has higher respiration rate. Both PE-1 and PE-2 packages showed peak concentrations of CO 2 within a day, and after that, sliced mushroom packages sustained higher CO 2 and lower O 2 concentrations than whole ones (Figs. 1 and 2), which indicated that the respiration rate of the mushrooms was increased by increasing surface areas. The patterns of change in gas composition were also in agreement with the results of Lopez Briones et al. (1992) and Roy et al. (1995) who reported that the CO 2 concentration around mushroom sharply increased after a few hours in modified atmosphere package. Considering the relatively higher respiration rate of fresh mushroom, the modification of the package headspace readily occurred according to different gas permeabilities of package films. The rates of O 2 depletion and CO 2 production by mushroom were much greater than the permeation rates of these gases through PE-1 and PE-2 films. The CO 2 concentration decreased after 1 day and gas compositions were controlled by O 2 and CO 2 transmission rates through packaging films (Kang et al. 2001) . And according to Guillaume et al. (2010) , the generated equilibrium atmosphere obtained in MAP experiments should be compared with the optimal atmosphere recommended for mushrooms. The O 2 level in package should not be lower than 2 % otherwise aerobic respiration turns into anaerobic, resulting in off-flavors (acetaldehyde and ethanol) and a sharp increase in tissue breakdown (Cliffe-Byrnes and O'Beirne 2007). It was also worthy to mention that the CO 2 concentration higher than 5 % could enhance overall browning or yellowing, and induce a phytotoxic effect, which was marked by an increase in the respiration rate when the produce returned to normal air composition (Lopez Briones et al. 1992; Guillaume et al. 2010) . Taken together, it is evident that the O 2 and CO 2 concentrations varied in the safe ranges when reached to the steady state during storage in the present study.
Change in color
The browning degree of whole and sliced mushrooms in different types of coating treatments and packaging films was expressed as Lightness value (L*) and browning index (BI) ( Table 1 ). The whiteness of whole mushrooms varied significantly with the type of coating, but not with the type of films (P <0.05). It was evident that the extent of darkening in whole mushrooms was greater than in sliced ones after coating treatment (Table 1) . It has been reported that the L* value of mushroom may not be considered as commercially acceptable if a L* value of 80 for wholesalers was take into account (Lopez Briones et al. 1992) . It was reported that calcium chloride and chitosan coating could significantly maintain L* value and free from browning of fruits and vegetables during storage (Qi et al. 2011; Oms-Oliu et al. 2008) .
A different browning index (BI) was observed in whole and sliced mushrooms stored with different types of package films, with values ranged from 10.5 to 16.1, that was attributed to a generalized enzymatic browning in mushroom during storage. The browning index (BI) of uncoated mushrooms was significantly higher than either chitosan or CaCl 2 coating ones, except for the sliced mushroom packaged in PE-1 film (P<0.05). Generally, both the whole mushroom in PE-1 film and the sliced mushroom in PE-2 film coated chitosan had lower browning index (BI) than other treatments. It is obvious that coating treatment did have a positive effect on inhibiting browning of mushrooms. Similarly, it was reported that the BI value of the uncoated mushroom was significantly higher than the mushroom coated with chitosan and the chitosan coating resulted in a good color of mushroom (P<0.05) (Eissa 2007) . It appeared that chitosan coatings could delay postharvest senescence of fruits and vegetables associated with color changes and dehydration (Cliffe-Byrnes and O'Beirne 2008; Hernández-Muñoz et al. 2008) .
In the present study, there was no significant difference in BI values of mushrooms between PVC and PE packages (P > 0.05). However, previous study has reported mushroom (Agaricus bisporus) packaged in stretchable Fig. 1 O 2 and CO 2 concentrations of whole mushrooms in different coating treatments and packaging films during storage at 12°C for 7 days. Data shown are mean ± standard deviation (n=3). PVC polyvinyl chloride wrap; PE-1 polyethylene-1 film, PE-2 polyethylene-2 film PVC film led to a detrimental deterioration of mushrooms after only one day of storage at 20°C and both the blotches browning and veil opening were also exhibited (Guillaume et al. 2010) . Change in weight loss (WL) Figure 3 shows the effect of coating treatments on weight loss of whole and sliced mushrooms in three MAP packages stored at 12°C for 7 days. Weight loss occurred in all packages and the weight loss varied from about 3 % to above 8 % after 7 days of storage. Those results were almost similar to the values that were reported with a weight loss of 5 to 7 % in mushroom (Agaricus bisporus) after 5 days at 18°C (Nichols and Hammond 1973) . Generally, the sliced mushrooms showed significantly higher values of weight loss than whole ones. Weight loss from the mushroom surface, may be caused by loss of water from the package to the surrounding atmosphere, that resulting from the vapor pressure difference across the packaging film, and to the loss of carbon upon formation of CO 2 during respiration. As also shown in Fig. 3 , the weight loss of whole and sliced mushroom without coating treatment in PVC film up to 7.2 % and 8.8 %, respectively, suggesting that dehydration was an important process in mushroom quality loss during postharvest storage. This could be attributed to the fact that mushrooms were only protected by a thin and porous epidermal structure, which does not prevent a quick superficial dehydration (Singer 1986 ). Due to lower permeability, mushrooms in PE-2 package had the lowest weight loss, for both whole and sliced samples. Furthermore, the lower water vapor transmission rate of PE films, combined with the higher respiration rate of mushrooms, developed a nearly saturated condition in the packages, which was responsible for the smaller weight loss (Antmann et al. 2008) . In general, chitosan coating did significantly reduce the weight loss both in whole and sliced mushrooms, with the exception of the sliced mushroom packaged in PE-2 films (P<0.05).
Change in maturity index (MI)
Postharvest development of mushrooms is a function of storage duration and atmosphere composition. The maturity Fig. 3 Weight loss (WL) and maturity index (MI) of whole (A1, A2) and sliced (B1, B2) mushrooms in different types of coating treatments and MAP packages stored at 12°C for 7 days. Data shown are mean ± standard deviation (n=3). PVC polyvinyl chloride wrap, PE-1 polyethylene-1 film; PE-2 polyethylene-2 film index of sliced mushroom was significantly higher in all coating treatments than whole mushroom (Fig. 3) . As appeared in Fig. 3 , delay in cap opening of both whole and sliced mushrooms could be classified significantly according to the following descending order: mushrooms packaged in PE-2 film, PE-1 film and PVC wrap. Lower O 2 and CO 2 permeability of PE-2 film resulted in significantly smaller values of maturity index (MI) than PVC wrap and PE-1 film (P<0.05). The type of coating did not appear to affect the maturity index (MI) significantly except for the PVC wrap package where chitosan coating markedly lowered the maturity index (MI) of sliced mushroom.
Several researchers attributed to study the effect of O 2 and CO 2 compositions in package on postharvest development of mushrooms, which was controversial. Murr and Morris (1975) stated that the cap opening of mushrooms in storage at 10°C was promoted by O 2 tension lower than air, and that the stimulatory effect was maximum when mushroom was stored at 5 % O 2 . For Hammond and Wood (1985) , CO 2 acted as a regulator for mushroom morphogenesis; but for Lopez Briones et al. (1992) , the delay in cap opening was attributed to a physiological response to a CO 2 stress rather than a regulatory action. Guillaume et al. (Guillaume et al. 2010) reported that the rate of cap opening was reduced when decreasing O 2 in combined with increasing CO 2 . Taken together, by considering that unbroken veil is a major quality criterion for consumers (Gormley 1975) , both whole and sliced mushrooms stored in PE-2 would satisfy visual perception of consumers and also effectively retard mushroom senescence after 7 days of storage at 12°C (Fig. 3) .
Conclusions
The headspace gas composition of modified atmosphere package was highly related to the quality of both whole and sliced mushrooms. Slicing and coating treatments could cause physical stress, resulting in changes of color, weight loss and maturity index. By maintaining fair color, weight loss and unbroken veil of whole and sliced mushrooms, only PE-2 film combined coating treatments provided a successful package that extended the shelf life at 12°C up to 7 days and satisfied consumer acceptance.
